A malignant melanocytic tumor was found in an 8-week-old chicken. The tumor, which was composed of melanocytes, ganglion cells, nerves, and primitive pressure receptors, was examined by light microscopy, transmission electron microscopy, and immunohistochemistry. Antibodies to neuron-specific enolase (NSE), glial fibrillary acidic protein (GFAP), and S-100 protein variably stained nerves, but melanocytes were only rarely immunolabelled by NSE antibodies and there was no specific staining of these cells for S-100 or GFAP. Ultrastructurally, neoplastic melanocytes contained melanin within melanosomes and premelanosomes and did not resemble Schwann cells.
link immunodetection system, Biogenex, San Ramon, CA) to demonstrate glial fibrillary acidic protein (GFAP prediluted, Clone GA-5 mouse anti-porcine monoclonal antibody), s-100 protein (prediluted, rabbit anti-bovine polyclonal antibody), and neuron-specific enolase (NSE prediluted, rabbit anti-bovine polyclonal antibody). Formalin-fixed and similarly processed positive and negative control tissue sections were stained in parallel. Positive control tissue for GFAP was chicken brain (astrocytes and processes intensely stained), and the positive control tissue for S-100 was chicken nerve (intensely stained). Positive control tissues for NSE were chicken brain and brain stem (neurons exhibited intense cytoplasmic staining with surrounding processes exhibiting more moderate staining) and an internal control of ganglion cells in the ovarian stalk adjacent to neoplastic tissue.
Diced formalin-fixed portions of tumor were rinsed briefly in deionized water and further fixed in a solution of 4% formaldehyde and 1% glutaraldehyde in a phosphate buffer. The tissue cubes were dehydrated in a series of graded alcohols, stained with uranyl acetate, and embedded in Spurr resin. Ultrathin sections were placed on grids, poststained with methanolic uranyl acetate and lead citrate, and examined in a JEOL JEM 100-S electron microscope.
Histologically, the neoplasm was unencapsulated and infiltrative. Haphazardly arranged pigmented cells were separated by spindle cells and thick collagen bundles ( Fig. l) . Ganglion cells and structures resembling primitive pressure receptors (avian lamellar corpuscles or Herbst corpuscles) were scattered among pigmented cells ( Fig. 2) , often accompanied by nerve fibers. These corpuscles contained clusters of cells with abundant fibrillar eosinophilic cytoplasm resembling Schwann cells and occasionally contained cells resembling neurons. Nerve bundles often terminated in or incorporated corpuscles. Cells containing cytoplasmic pigment granules were often undulating, spindle shaped, and variably pigmented. Some pigmented cells were round to polygonal with oval nuclei and prominent large eosinophilic nucleoli partially obscured by pigment. Pigment granules were Fontana positive, iron negative, and lipofuscin negative and were bleached by potassium permanganate; these characteristics are typical of melanin.5 After bleaching, nuclei of melanocytes were often fusiform to elongated oval, vesicular, and moderately anisokaryotic. Cytoplasm was abundant, but cytoplasmic borders were ill-defined and the pigmented cell population blended imperceptibly into spindle cells associated with collagen bundles. Adjacent adipose tissue contained multiple small penvascular metastatic foci with a mixture of tumor cell components. Neoplastic elements were also evident within blood vessels. The mitotic rate was low (one mitotic celVfive 0.65-mm high-power fields).
Melanocytes did not react with antibody to GFAP or S-100 and rarely exhibited staining with NSE antibody. Nerve fibers within the neoplastic mass were stained by S-100 (intensely) and NSE (moderately), with mild staining for GFAP. Neoplastic ganglion cells did not react with GFAP, often had moderate diffuse to pennuclear cytoplasmic staining for NSE, and occasionally contained intense intranuclear and mod- pattern was also characteristic of control ganglion cells. Cell clusters within corpuscles stained mildly to moderately with antibody to S-100, with no staining for GFAP or NSE; occasional neurons within nerve fibers or in corpuscles stained in a manner similar to that of ganglion cells.
Ultrastructurally, melanocytic cells were closely associated and had abundant cytoplasm that contained numerous electron-dense melanosomes, occasional premelanosomes ( Fig.  3) , prominent mitochondria, and endoplasmic reticulum. These melanin-forming cells were not identifiable as Schwann cells because ultrastructural characteristics of Schwann cells (desmosomes, complex interdigitating membranes, and cytoplasmic processes covered by basal l a r n i~~a e )~.~ were not observed.
Melanin (eumelanin) is produced within melanosomes in some neural crest-derived cells by the conversion of tyrosine to dopamine through the action of tyro~inase.~.~.~ Cells of neural crest origin differentiate into melanocytes, Schwann cells, autonomic/sensory neuroblasts, cells ofthe sympathetic nervous system including adrenal medulla, and other tiss u e~.~,~ In humans, melanin is commonly produced within melanocytes or neoplastic Schwann cells2
Another pigment that mimics the histologic appearance and staining characteristics of melanin is neuromelanin. Neuromelanin is found in certain central nervous system nuclei and in ganglion cells and has been observed in ganglion cells of adrenal neoplasms in human^.^ The pigment is a product of the degradation of the neurotransmitters dopamine and norepinephrine. These catecholamines are also derived from tyrosine but are produced through the action of tyrosine hydroxylase.5 Neuromelanin is not formed in melanosomes but is present within structures considered to be autophagic vacuoles and consists of granular deposits accompanied by lipofuscin and membrane profile^.^.^ The cytoplasmic pigment in the tumor of this young chicken was identified as eumelanin because it was formed within melanosomes.
In young broiler chickens, neoplasms are often induced by viruses, but a viral etiology for some tumors has not been e~tablished.~ Of these tumors, neurofibromas and Schwannomas are commonly seen, and some may contain structures resembling Pacinian corpuscles, but neoplastic cells are not reported to contain melanin.'' Ganglioneuromas more rarely occur, and some cells may contain brown pigment, but melanin production is not reported.' Melanomas are described rarely in chickens and are not described as accompanied by other neural elements; however, one was suspected to have been induced by injection of a virus of the leukosis/sarcoma group.' Some teratomas in young chickens may contain nerves, melanocytes, or ganglion cells, but these neoplasms are composed of various embryonic tissues.',' present, were not the major component, and the neoplasm did not appear to be composed of embryonic tissue. Melaninproducing cells were not identifiable by electron microscopy or immunohistochemistry to be Schwann cells or neuroblasts. These cells may represent melanocytes, undifferentiated Schwann cells, perineural cells, or poorly differentiated precursor cells of neural crest origin. Based upon these characteristics, this unique neoplasm was diagnosed as a malignant melanocytic neural crest tumor. Melanocytic Schwannomas have not been reported in birds or mammals but have been reported in humans. Ultrastructurally, the neoplastic cells contain cytoplasmic premelanosomes and melanosomes but exhibit other characteristics more consistent with Schwann cells than melan~cytes.~.~ In humans, well-differentiated Schwann cells and melanocytes are often S-100 positive. Neural sheath cells and cells of many malignant Schwannomas do not stain with antibody to S-100 protein. 2 The neoplasm in this 8-week-old chicken contained a mixture of neural crest-derived components (nerve fibers, melanocytes, ganglion cells, primitive pressure receptors) and exhibited criteria of malignancy. Ganglion cells, although
